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120.  DISTRIBUTION  COOE 


1|>MSTAACT  (Mifimum  200  won*) 

Rotationally  resolved  absorption  spectroscopy  in  the  A-X  (0,0)  vibrational  band  system  of  OH  around 
306.4  nm  has  been  performed  to  determine  the  temperature  and  OH  concentration  in  solid  propellant 
flames.  OH  is  sufficiently  well  characterized  that  the  spectra  can  be  least  squares  fitted  under  a  variety 
of  conditions.  These  conditions  include  the  peculiarities  of  the  experimental  setup,  instrument  response 
parameters  and  absorption  baseline,  as  well  as  the  temperature  and  OH  concentration.  The  multi¬ 
parameter  least  squares  fit  of  the  spectra  gives  values  and  statistical  uncertainties  for  temperature,  OH 
concentration,  and  other  experimental  design  parameters.  This  technique  has  been  applied  to  a  nitramine 
propellant  flame  burning  in  a  windowed  combustion  vessel  pressurized  with  1.5  MPa  nitrogen.  A 
propellant  feed  mechanism  coupled  to  the  combustion  vessel  extended  the  data  taking  time  such  that 
good  quality  OH  absorption  spectra  could  be  obtained  for  this  transient  event  Here  the  light  source  was 
an  arc  lamp  and  the  detector  a  spectrometer  with  an  intensified  photodiode  array.y  Experimental  OH 
spectra]  data  have  been  fitted  to  temperatures  ranging  from  about  2700  to  2000  K  with  a  standard 
deviation  of  about  120  K.  Together  with  these  temperatures,  concentrations  that  range  from  about  640 
to  250  ppm  with  a  standard  deviation  of  about  6%  are  also  determined.  These  OH  concentration  values 
are  consistent  with  thermochemical  equilibrium  values  for  flame  temperatures  about  80  K  below  adiabatic 
and  represent  the  first  absolute  determinations  in  a  solid  propellant  flame  environment. 
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I.  INTRODUCTION 


Understanding  a  combustion  event  usually  requires  knowledge  of  the  temperatures, 
species  involved  and  their  concentration  profiles.  Thermochemical  equilibrium  calculations 
will  produce  final  product  species  identity  and  concentration  as  well  as  adiabatic  flame 
temperatures;  however  these  results  are  not  very  event  specific.  Information  about  the 
detailed  chemical  pathways  from  reactants  to  final  products  comes  from  studying  the 
chemically  active  transient  species.  These  species  are  generally  present  in  small  quantities 
(<1%)  and  exist  primarily  in  a  zone  of  small  extent:  the  reaction  zone. 

The  small  concentrations  of  transient  combustion  species  (radicals)  renders  the  use 
of  Raman  techniques  unattractive  for  concentration  measurements.  Non-linear  techniques 
are  not  considered  since  they  are  not  simply  related  to  concentration.  Laser  induced 
fluorescence  (LEF)  and  absorption  have  sufficient  sensitivity  for  the  detection  of  the  radical 
species.  However,  although  LIF  is  a  linear  technique,  it  also  is  not  simply  related  to 
concentration  because  of  the  quenching  effects  on  the  excited  state  which  are  exacerbated 
with  increasing  pressure.  Absorption  is  directly  related  to  concentration  and  can  provide 
useful  information  under  conditions  where  a  line-of-sight  measurement  is  meaningful. 

This  paper  has  a  two-fold  objective.  First,  an  absorption  technique  is  described  which 
can  simultaneously  measure  temperature  and  concentration  profiles  in  time  varying  hostile 
combustion  environments.  Second,  the  viability  of  this  technique  is  demonstrated  by 
obtaining  temperature  and  OH  concentration  profiles  from  a  solid  propellant  flame  burning 
at  elevated  pressure.  This  absorption  technique  is  a  variation  of  the  method  described  by 
Lempert1.  The  present  technique,  however,  has  a  different  light  source  and  detector  which 
allows  the  OH  absorption  spectrum  to  be  obtained  and  analyzed  in  much  more  detail  as  well 
as  allowing  different  species  to  be  studied  with  the  same  experimental  setup.  A  description 
of  the  absorption  experiment  and  data  analysis  is  given  in  the  next  two  sections  of  the 
paper. 


II.  EXPERIMENTAL 

Many  investigators  have  determined  OH  concentrations  from  the  absorptions  in  the 
306.4  nm  system  using  lamp  light  sources  and  a  photomultiplier  detector.  The  present 
arrangement  incorporates  a  high  intensity  mercury-xenon  arc  lamp  light  source  but  the 
detector  is  an  intensified 
photodiode  array  which  can  be 
much  more  suitable  for  probing 
transient  combustion  processes.  As 
an  indication  of  the  sensitivity  of 
the  experimental  technique, 
absorptions  of  0.15%  were  readily 
detectable  in  a  steady  state  flame 
environment.  The  optical  path  for 
the  absorption  measurements  of 
propellant  burning  within  a 
pressurized  combustion  vessel  is 
shown  on  Fig.  1.  Two  20  cm  focal 
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Figure  1  The  light  path  for  the  optical  absorption  experiments.  The  glass 
Alter  (GF)  was  used  to  eliminate  first  order  light  when  operating  the 
spectrometer  second  order;  the  sample  is  either  a  premixed  flame  or 
propellant. 
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length  convex  lenses  (L2)  focus  and  recollimate  the  light  beam  from  the  1  kw  mercury- 
xenon  arc  lamp  and  two  apertures  and  a  0.15  mm  pinhole  confine  the  spatial  extent  to 
approximately  0.15  mm  in  the  burning  direction.  The  aperture  between  the  sample  and  the 
spectrometer  minimizes  collection  of  emission  signal  and  the  10  cm  focal  length  cylindrical 
lens  (CYL1)  focusses  the  transmitted  light  onto  the  spectrometer  entrance  slit.  Aperture 
sizes  (A)  between  0.5  and  1.0  mm  were  used  to  keep  the  emission  signal  levels  to  less  than 
2%  of  the  absorption  signal.  In  actuality  the  aperture  size  was  set  from  the  results  obtained 
from  a  CH4/N20  flame,  and  it  was  assumed  that  the  propellant  would  be  similar  in  this 
respect.  The  spectrometer  has  a  0.3  m  focal  length  and  a  2400  groove  per  mm  grating 
which  when  operated  second  order  gave  a  spectral  resolution  of  about  0.03  nm  with  a  0.025 
mm  entrance  slit.  This  system  allows  a  6  nm  band  of  light  to  be  sampled  at  one  time  on 
the  intensified  photodiode  array.  A  uv  transmitting  black  glass  filter  (Schott  UG-11) 
eliminated  first  order  light  from  entering  the  spectrometer.  OH  rotational  absorptions  of 
interest  are  much  narrower  than  this  6  nm  band;  thus  intensities  of  wavelengths  which 
undergo  absorption,  and  nearby  wavelengths  which  do  not,  can  be  recorded  simultaneously. 
The  system  therefore  provides  a  simple  calibration  of  effective  incident  intensity  in  cases 
where  continuous  absorbers  or  scatterers  interfere. 

Two  combustion  systems  have  been  experimentally  studied:  a  premixed  CIL/T^O 
flame  and  a  solid  propellant  flame.  The  solid  propellant  (HMX1)2  is  composed  of  73% 
cyclotetramethylenetetranitramine  (HMX).  The  CH*/N20  flame  has  been  used  primarily  for 
calibration  and  comparison  purposes  where  a  path  length  has  been  chosen  similar  to  the 
path  length  used  for  the  propellant  absorption  studies.  A  burner  consisting  of  many  small 
holes  within  a  0.4  cm  diameter  (the  path  length)  was  used  to  support  this  premixed  flame. 
The  top  of  the  combustion  vessel  is  removable  and  thus  this  flame  can  be  placed  at  the 
sample  location  for  experimentation.  Long  path  lengths  are  traditionally  desirable  for  trace 
species  since,  for  small  absorptions,  the  absorption  increases  linearly  with  path  length. 
However,  in  these  studies  the  overriding  concern  was  to  produce  a  horizontal  burning 
propellant  surface,  i.e .,  a  surface  which  is  parallel  to  the  direction  of  the  arc  lamp  light 
beam.  This  condition  could  only  be  obtained  for  small  cross  sections.  An  HMX1  propellant 
geometry  which  exhibited  a  reasonable  cigarette  fashion  bum  and  was  thus  used,  was  a 
strand  about  4  cm  long  with  an  octagonal  cross  section  that  measured  0.65  cm  between 
opposing  faces.  The  propellant  strand  was  coated  with  a  thin  layer  of  fingernail  polish  to 
inhibit  side  burning. 

A  partial  diagram  of  the  windowed  combustion  vessel  is  shown  in  cross  section  on 
Fig.  1.  This  vessel  is  made  from  stainless  steel  with  two  pairs  of  opposing  windows  and 
provides  an  environment  to  bum  propellants  at  an  elevated  pressure.  An  exit  orifice  in  the 
vessel  allows  a  purge  gas  to  be  flowed  at  rates  typically  about  four  times  the  propellant 
gasification  rate.  A  video  camera  (not  shown)  provides  a  photographic  record  of  each 
propellant  bum.  This  record  provides  the  burning  rate  of  the  propellant  as  well  as  visual 
information  on  the  "flatness"  of  burn.  Further  details  of  the  combustion  vessel  can  be  found 
elsewhere.5'4 

Propellant  burning  in  this  experiment  is  a  transient  process  since  the  burning  surface 
regresses  with  time.  This  limits  the  amount  of  time  that  data  can  be  taken  depending  on 
the  amount  of  spatial  resolution  desired.  The  first  studies  of  OH  in  a  propellant  produced 
marginally  acceptable  data  and  thus  a  propellant  feed  mechanism  was  incorporated  into  the 
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experiment  to  expand  the  data  acquisition 
time.  A  sketch  of  the  feed  mechanism  is 
shown  on  Fig.  2.  This  mechanism  is  more 
rudimentary  than  previous  feed 
mechanisms48  in  several  respects.  First, 
the  feed  mechanism  is  not  enclosed  in  the 
pressure  vessel,  but  rather  couples  in 
linear  motion  by  a  drive  shaft  sealed  with 
a  plastic  ferrule  swage.  Second,  the  drive 
shaft  is  unidirectional  during  the 
experiment  with  the  feed  rate  and  travel 
distance  having  been  programmed  into  the 
speed  control.  Instead  of  maintaining  an 
optical  feedback  control,  the  feed  rate  is 
set  to  be  some  large  fraction  of  the 
propellant  bum  rate.  For  the  experiments  reported  here  the  speed  controller  was 
programmed  to  drive  the  translator  at  a  linear  rate  of  1.00  mm/s.  The  apparent  bum  rate, 
as  viewed  by  a  video  camera,  was  measured  as  0.27  mm/s  which  means  the  actual  bum  rate 
of  HMX1  in  a  combustion  vessel  pressurized  to  1.5  MPa  nitrogen  is  1.27  mm/s. 

The  following  sequence  of  events  occur  for  a  typical  propellant  bum  experiment.  The 
combustion  vessel  is  pressurized  to  1.5  MPa  nitrogen  and  the  video  recording  system  is 
activated.  A  master  switch  engages  the  power  to  heat  the  ignition  wire  and  also  starts  the 
time  sequencer.  After  preset  delays  the  time  sequencer  starts  the  propellant  feed  and 
triggers  the  photodiode  array  control.  The  apertured  light  from  the  arc  lamp  is  terminated 
by  the  propellant  strand  at  the  beginning  of  each  experiment  and  the  initial  passage  of  this 
light  to  the  detector  indicates  when  the  propellant  surface  is  in  the  sampling  region.  The 
photodiode  array  repetitively  scans  and  resets  many  times  while  storing  each  scan  into 
buffer  memory.  The  total  data  accumulation  time  as  well  as  the  time  for  each  scan  can  be 
varied  over  a  wide  range.  Total  data  accumulation  times  were  major  fractions  of  the  total 
propellant  burn  time,  ranging  from  15  to  20  seconds. 

III.  DATA  ANALYSIS 

In  this  section  working  equations  are  presented  which  are  used  to  extract 
temperatures  and  absolute  concentrations  from  experimental  absorption  spectra.  The 
development  and  detailed  discussions  of  these  equations  can  be  found  elsewhere.7-*  Based 
on  the  differential  absorption  law  for  a  parallel  beam  of  light  of  frequency  v  traveling  in 
the  +x  direction  through  a  medium  with  absorption  coefficient  k(i/), 

-dl  =  I  k(i/)  dr  , 

the  intensity  of  the  incident  beam,  L  (assumed  to  be  constant),  is  attenuated  along  a  path 
of  length  i  according  to 


Figure  2  A  (ketch  of  the  mqjor  component*  of  the  propellant 
feed  mechanism  and  associated  components  that  are  triggered  at 
various  times  during  the  course  of  an  experimental  run. 


I(>/)  =  L  exp[-ik(i/)]  . 

Assuming  a  Boltzmann  distribution  the  transmitted  intensity  of  a  group  of  lines  is  given  by 
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ICu)  =  Lexpl  -(h«/i/c)  [Nt/Q(T)]  [  l  BJgjexp(-Ei/kT)PJ(»/)]  }  , 

j 

where  h  is  Planck’s  constant,  c  is  the  speed  of  light,  k  is  the  Boltzmann  constant,  T  is  the 
absolute  temperature,  Bj  is  the  absolute  Einstein  coefficient  of  absorption  for  the  jth 
transition  in  energy  density  units,  gj  is  the  degeneracy  of  the  jth  sublevel  and  Ej  its  energy. 
Nt  is  the  total  number  density,  Q(T)  is  the  partition  function  which  is  evaluated  using  a 
standard  closed  form  expression,  and  Pj  is  the  transition  lineshape.  For  conditions  where 
the  light  source  and  spectrometer  bandwidth  is  much  larger  than  the  width  of  a  typical 
absorption  line,  an  instrument  function,  S(  1/,1/J,  centered  at  ua  and  normalized  to  unit  area 
is  introduced  to  give 

Iu  -  J  S(i/,i/0)I(i/)  d v  , 

where  /„  is  the  integrated  light  transmitted. 

The  Einstein  coefficients  for  OH  are  from  Dimpfl  and  Kinsey8  and  the  transition 
frequencies  are  from  Dieke  and  Crosswhite10.  126  transitions  of  the  A-X  (0,0)  band  are 
included  in  the  calculation,  although  typically  only  90  are  used  for  the  range  of  data  selected 
for  analysis.  Other  molecule  specific  parameters  are  from  Huber  and  Herzberg11.  A 
multiparameter,  nonlinear,  It  ist  squares  program  with  interactive  graphics  running  on  a 
386/25MHz  PC  was  used  to  fit  the  data.  Since  the  width  of  the  instrument  function,  taken 
to  be  Lorentzian,  is  larger  than  the  transition  linewidth,  and  in  order  to  reduce  computation 
time,  the  transition  lineshape  was  approximated  as  a  delta-function,  thereby  reducing  the 
above  integral  to  a  sum.  Using  this  model,  the  time  to  fit  a  spectrum  was  10  minutes  or 
less.  Further  details  about  the  fitting  procedure  are  found  in  the  Appendix. 

IV.  RESULTS 


Previously4,  OH  concentrations 
for  an  HMX  propellant  have  been 
computed  from  peak  absorptions  of 
the  Qa  bandhead  in  the  A-X  (0,0) 
vibrational  band  system  for  OH. 
There  the  experimental  data  were  not 
sufficiently  resolved  for  the 
determination  of  temperature  and 
thus  it  was  necessary  to  construct  a 
temperature  profile  by  other  means4. 
Only  for  a  CH/N20  flame  were  the 
data  of  sufficient  quality  to  calculate 
a  temperature  from  a  Boltzmann 
plot4.  We  report  here  simultaneous 
temperature  and  concentration 
determinations  for  both  a  steady 
state  CH4/N2O  flame  and  a  solid 
propellant  flame.  An  example  OH 


Figure  3  Absorption  spectrum  of  the  A-X  (0,0)  band  system  of  OH, 
taken  1  mm  above  the  burner  surface  of  a  premized  CH*/N,0  flame.  (■) 
is  the  data  and  the  solid  line  is  the  least  squares  fit. 
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absorption  spectrum,  taken  in  a  CH4/N2O  flame  at  atmospheric  pressure,  is  shown  in  Fig. 
3.  The  absorption  path  length  for  this  flame  was  0.4  cm  and  one  second  was  required  to 
obtain  the  data.  All  of  the  absorptions  observed  experimentally  on  Fig.  3  are  accounted  for 
by  the  fitting  program.  Thus  there  is  reasonable  confidence  that  the  discrete  absorptions 
over  the  wavelength  range  from  307.7  to  310.1  nm  are  due  solely  to  OH.  A  value  of  2367 
K  has  been  determined  for  the  temperature  of  this  small  premixed  flame.  All  least  squares 
fitted  values  and  the  standard  deviations  are  given  in  Table  1.  This  value  is  in  good 
agreement  with  prior  determinations4  of  temperature  for  this  flame  which  gave  2360  K  and 
2304  K  obtained  from  Boltzmann  plots  of  peak  rotational  values  for  OH  emission  and 
absorption,  respectively.  The  adiabatic  flame  temperature  for  a  stoichiometric  CH4/N2O  flame 
is  2922  K;  however,  this  flame  was  strongly  burner  stabilized  and,  as  has  been  found  with 
other  burner  stabilized  flames12,  can  have  substantial  heat  loss  to  the  burner  head.  Although 
the  purpose  of  using  a  small  steady  state  flame  was  only  for  setting  up  for  propellant 
measurements,  the  absolute  concentration  determination  for  OH  agrees  well  with  published 
trends.  That  is,  the  fitted  value  of  3.9xl018  molecules/cc  is  about  1.7  times  larger  than  the 
thermochemical  equilibrium  value13  and  is  very  similar  (1.5  times)  to  the  peak  concentration 
of  OH12  reported  for  a  stoichiometric  CHt/N20  flame  operating  at  atmospheric  pressure. 

Sample  OH  absorption  data  together  with  the  least  squares  fit  for  an  HMX1 
propellant  sample  burning  in  1.5  MPa  nitrogen  are  shown  on  Fig.4.  The  fitted  values  for 
the  spectrum  of  Fig.  4  and  for  eight  other  spectra  at  different  positions  from  the  propellant 
surface  are  tabulated  in  Table  1.  It  was  necessary  to  accumulate  data  for  times 
corresponding  to  movement  of  the 
propellant  surface  in  order  to  obtain 
statistically  reasonable  data;  hence 
the  propellant  spectrum  of  Fig.  4  is 
an  average  over  0.4  mm.  Here  again 
for  the  propellant  case  all  of  the 
prominent  features  over  the 
wavelength  range  from  307.9  to 
310.3  nm  have  been  accounted  for 
with  the  OH  fitting  program. 

Temperatures  and  OH  concentrations 
with  their  standard  deviations  have 
been  tabulated  in  Table  1  and  are 
plotted  on  Fig3.  5  and  6.  The 
temperature  rise  from  the  propellant 
surface  to  the  final  flame 
temperature  occurs  within  0.4  mm  of 
the  propellant  surface.  Within  the 
statistical  uncertainty  of  the  data  the 
fitted  temperature  reaches  the 
adiabatic  flame  temperature.  It  also  appears  from  Fig.  5  that  the  temperature  is  slightly 
dropping  with  increasing  distance  from  the  propellant  surface.  These  temperature 
measurements  can  be  directly  compared  with  the  recent  results  obtained  by  Stufflebeam  and 
Eckbreth14.  Using  a  CARS  technique  they  have  measured  temperatures  in  HMX1  propellants 
burning  in  2.31  MPa  helium.  Values  ranging  from  2600  K  at  2.4  mm  from  the  propellant 
surface  to  1900  K  at  12  mm  from  the  surface  were  observed.  The  present  data  are  in 


Figure  4  Same  a*  Fig.  3  except  here  the  (ample  is  an  HMX1  propellant 
burning  in  1.5  MPa  N,  from  0.4  to  0.9  nun  above  the  propellant  surface, 
corresponding  to  a  data  acquisition  time  of  1.6  seconds. 
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excellent  agreement  with  Table  1  Temperature  and  OH  concentration  values  and  standard  deviations  obtained 
these  published  results.  from  fitting  OH  absorption  spectra. 

OH  concentrations 
as  a  function  of  distance 
from  the  propellant  surface 
are  shown  on  Fig.  6.  A 
rise  in  OH  concentration 
can  be  observed  at 
distances  less  than  about  1 
mm  from  the  propellant 
surface  and  the 
concentration  decreases 
further  from  the  propellant 
surface  due  to  cooling  of 
the  flame.  Together  with 
these  data  are  dashed  lines 
which  represent  calculated 
OH  concentrations 
assuming  thermochemical 
equilibrium.  The  three 
concentrations  computed 
are  for  temperatures  of 
2617  (adiabatic),  2500  and 
2400  K.  Thus  it  is  seen 
from  Fig.  6  that  the  OH 
concentrations  computed 
from  fitting  OH  absorption  spectra  fall  in  a  thermochemical  equilibrium  concentration  range 
from  slightly  above  2500  K  to  about  2400  K.  Although  the  standard  deviation  in  the  OH 
concentration  determinations  do  not  allow  for  concentrations  high  enough  to  satisfy  an 
adiabatic  flame  temperature,  the  total  error  in  the  OH  concentration  determination  is 
estimated  to  be  a  factor  of  two.  This  additional  uncertainty  comes  from  the  path  length  and 


System 

Distance 

Tenperature 

OH  Concentration 

IWfl 

K 

16 

10  molecules/cc 

CH  /  H  0 

4  2 

1 

2356024) 

3. 9(0. 2) 

0  -  0.4 

2739(281) 

1. 5(0.2) 

0.4  -  0.9 

2512015) 

2.5(0. 1) 

0.9  -  1.8 

2690016) 

2. 8(0. 2) 

HHXl 

1.8  -  2.7 

2540003) 

2. 7(0.1) 

2.7  -  3.6 

2479014) 

2. 2(0.1) 

3.6  -  4.5 

2704031) 

2. 2(0.1) 

4.5  *  5.4 

2038003) 

1. 6(0.1) 

5.4  -  6.3 

22900  07) 

1. 7(0.1) 

6.3  -  7.2 

24370  76) 

1. 2(0.1) 

Distance  from  Propellont  Surface  /  mm 


Figure  5  Temperature  ae  a  function  of  distance  from  the 
propellant  surface  for  an  HMX1  propellant  burning  in  l.S 
MPa  nitrogen.  (■)  represent  the  temperature  data  which 
is  tabulated  in  Table  1. 


Distance  from  Pr©pe*ont  Surface  /  mm 


Figure  6  Concentration  aa  a  function  of  distance  from  the 
propellant  surface  corresponding  to  the  temperatures  in 
Fig.  5. 
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lineshape  variables  which  affect  the  concentration  determination  much  more  than  the 
temperature.  A  factor  of  two  uncertainty  in  experimental  OH  concentration  does  include 
the  computed  OH  equilibrium  concentrations  appropriate  for  the  adiabatic  flame 
temperature.  There  is  no  known  direct  comparisons  for  absolute  OH  concentrations 
measured  in  a  solid  propellant  flame  except  for  some  of  our  previous  work4  using  only  a 
peak  absorption  of  the  Q2  bandhead  at  309  nm.  Here  concentrations  for  OH  in  HMX1 
burning  in  1.5  MPa  nitrogen  were  about  a  factor  of  two  smaller  than  those  presented  here. 
The  difference  in  these  results  is  primarily  the  result  of  using  a  Lorentzian  instrument 
function  for  the  present  study,  rather  than  the  triangular  function  previously  used. 

V.  SUMMARY 

Temperature  and  OH  concentration  profiles  have  been  obtained  for  a  solid  propellant 
burning  at  elevated  pressure  using  a  sensitive  absorption  technique  together  with  least 
squares  fitting  of  a  number  of  rotationally  resolved  lines.  The  rather  coarse  spatial 
resolution  of  0.4  mm  compromised  the  ability  to  observe  the  initial  rise  in  temperature  and 
OH  concentration  however,  because  OH  varies  slowly  in  comparison  to  many  other  radical 
species  (after  this  initial  rise),  it  is  believed  that  the  rest  of  the  profile  is  adequately 
represented.  Both  the  temperature  and  concentrations  obtained  are  consistent  with  this 
solid  propellant  flame  burning  at  its  adiabatic  flame  temperature,  and  an  OH  concentration 
in  thermochemical  equilibrium. 
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APPENDIX 


Comparison  using  delta-function  or  Voigt  lineshapes  for  fitting  OH  experimental  spectra. 


In  order  to  verify  the  validity  of  using  the  delta-function  approximation  for  the  transition 
lineshapes,  a  typical  flame  spectrum  was  fitted  using  both  the  delta-function  and  a  Voigt 
lineshape  for  the  transitions.  The  comparison  of  the  parameters  that  were  determined  or 
fixed  in  the  fit  is  given  in  Table  2.  The  parameters  in  Table  2  with  standard  deviations 
(±10)  are  those  that  were  allowed  to  float  during  the  fit.  Seven  parameters  were  fitted 


Table  2  Comparison  obtained  from  fitting  a  typical  flame  spectrum  using  either  a  Voigt  or  a  delta-function 

transition  lineshape. 


VOIGT  LINESHAPE  DELTA-FUNCTION  LINESHAPE 


FINAL  STANDARD  FINAL  STANDARD 


NAME 

VALUE 

DEVIATION 

VALUE  DEVIATION 

DIFFERENCE 

TEMP 

2220.86343 

90.74400 

2262.57580 

92.97000 

1.8782X 

NTOT 

3.91337E+16 

1.50E+15 

3.73733E+16 

1 .51E+15 

-4.4986X 

RCH 

550.83341 

0.04223 

550.82424 

0.04242 

-0.0017X 

RLAM 

3089.80000 

3089.80000 

INC 

0.07514 

3.624E-5 

0.07514 

3.669E-5 

0.0009X 

SLIT 

0.26855 

0.00110 

0.28312 

0.00441 

5.4253X 

LGTH 

0.40000 

0.40000 

AO 

0.96647 

0.00164 

0.96616 

0.00165 

-0.0323X 

AT 

-1.43822E-5 

2.900E-6 

-1.45467E-5 

2.943E-6 

1.1438X 

TAU 

0.17963 

0.01727 

N/A 

RERR 

1.00000E-4 

N/A 

STD 

0.00502 

0.00508 

XMIN 

3077.33927 

3077.33941 

o.oooox 

XMAX 

3104.01394 

3104.01528 

o.oooox 

time 

-4-8  hrs. 

-1 

min. 

The  parameter  names  used  in  the  fitting  program  are  retained  in  this  table:  TEMP,  temperature  (K);  NTOT,  total  number  density 
(motecutes/cc);  RCH.  reference  channel  corresponding  to  RLAM,  reference  wavelength  (A);  INC.  wavelength  increment  per  charnel 
(A);  SLIT,  instrument  hnchon  FWHM  (A);  LGTH,  absorption  pathlength  (cm);  AO  and  A1,  constant  and  first  order  baseline  coefficients: 
TAU,  Lorentzian  FWHM  (cm'):  RERR.  relative  error  of  the  numerical  integration;  STD.  standard  deviation  of  the  fit:  XMIN  and  XMAX. 
minimum  and  maximum  wavelength  (A)  of  the  fitted  portion  of  the  spectrum.  The  approximate  time  for  one  iteration  of  the  fit  is  also 
given. 


using  the  delta-function  lineshape;  an  additional  parameter,  the  Lorentzian  linewidth  of  the 
Voigt  profile,  TAU,  was  also  fitted  when  a  Voigt  lineshape  was  used  for  the  transitions.  Of 
the  seven  common  parameters  fitted  in  both  cases,  the  two  of  primaiy  interest  are  the 
temperature,  TEMP,  and  the  total  number  density,  NTOT.  The  other  five  parameters  are 
related  to  the  particular  conditions  under  which  the  experiment  was  performed.  The  largest 
differences  are  associated  with  those  parameters  most  closely  dependent  on  the  value  of  the 
transition  linewidth,  Le.  the  width  of  the  instrument  function  (SLIT)  and  the  total  number 
density.  The  differences  in  these  parameters  obtained  using  the  computationally  less 
demanding  delta-function  lineshape  as  opposed  to  the  more  accurate  Voigt  lineshape  are  ca. 
5%  and  -4%  respectively.  A  single  temperature  is  obtained  from  the  fit  using  the  Voigt 
profile  since  both  the  rotational  temperature,  and  the  translational  temperature  which 
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determines  the  Doppler  width  in  the  Voigt  profile,  are  assumed  to  be  the  same  value;  also, 
the  pressure  broadened  (Lorentzian)  linewidth  is  assumed  to  be  the  same  for  all  the 
rotational  lines.  The  approximate  time  of  a  least  squares  iteration  for  each  model  is  also 
give  in  Table  2.  Since  typically  5-10  iterations  are  needed  to  refine  a  fit,  the  desirability 
of  using  the  delta-function  model  for  routine  data  analysis  is  apparent. 
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